Uniform cylindrical and long beetroots in at least two size classes are necessary in order to produce slices with a firm and brittle texture using a minimum amount of energy and control with cooking time, temperature and peeling depth that is crucial. The steepest part of the firmness equation during cooking determines the velocity of temperature increase towards the root centre and the optimum brittleness occurs on the shallow part of the cooking curve. The purple and yellow colorants are degraded according to first order kinetic mechanism both during cooking and cooling. Peeling depth depends on heating and cooling rate that may be controlled efficiently. The colour change depends on oxygen availability and some of the degraded colorants may be regenerated using a nitrogen atmosphere by cooking, slicing and packing. Degradation rate of colorants may increase by interaction with mineral ions and may be counteracted using antioxidants and the colorants are degraded by light and combinations of light and oxygen may decrease the level of colorants seriously especially by high temperature. Beetroots contain peroxidases and polyphenol oxidases that may promote oxidation of the colorants until the temperature cause inactivation of these enzymes. Cooking and pasteurization of beetroot cubes in one step increased colour stability because oxygen not is available inside the beetroot tissue. Degradation of polymeric carbohydrates during cooking may increase drained weight. Leaching of soluted compounds such as potassium, nitrate and especially losses of sucrose may be reduced considerably by reusing of the cooking water up to at least twenty times without any off flavour in the final product. During storage of glass jars with beetroot slices may the colorants be degraded if the products are stored in light and especially if the jars contain air spaces.
INTRODUCTION
Growing of high quality red beet slices as described previously [1] depends significantly on a precise and successive sowing of beet seeds from medium May in accordance with the expected sum of the local daily degree days = Σ[(T min + T max )0.5 -(4.5)] using the local minimum (T min ) and [maximum temperature in (T max ) registered by Danish Meteorological Institute (DMI) with basis temperature 4.5°C. The red beet slices are packed successively into glass jars supplied with brine made from sugar, acetic acid and various spices depending on the market destinations. The preserved beetroot slices are served to some hot meals that include different kinds of meat, vegetables and cooked potatoes. Another popular use of preserved red beet slices is as a decoration and flavouring ingredient upon several kinds of open rye bread sandwiches. Colour, flavour, texture, slice diameter and thickness are among the most determining sensory quality characteristics. In that connection may it may be necessary to inactivate peroxidases and polyphenol oxidases that may promote oxidation of the colorants during cooking until the temperature cause inactivation of these enzymes [2] . Cooking and pasteurization of beetroot cubes in one step increased colour stability because oxygen not is available inside the beetroot tissue. Degradation of polymeric carbohydrates during cooking may increase drained weight. Leaching of soluted compounds such as potassium, nitrate and especially losses of sucrose may be reduced considerably by reusing of the cooking water up to at least twenty times without any off flavour in the final product. During storage of glass jars with beetroot slices may the colorants be degraded if the products are stored in light and especially if the jars contain air spaces.
MATERIALS METHODS
Beetroots were harvested manually, the leaves were removed using a sharp kitchen knife and the major amount of soil were removed gently before the beetroots were transported to the processing facilities for washing by hand using tap water (12 °C) , weighing and mechanical sorting by diameter into roots with diameter < 40, 40-60 and > 60 mm in order to determine the yield of beetroots. The major part of the experiments in this research was carried out using size 40-50 mm. Beetroot size were measured using a calliper gauge and beetroot weight was determined using a Sartorius weight (BP 310 S, Bie and Berntsen, Roedovre, Denmark), respectively. The beetroots applied in each experiment were mixed carefully and packed into four or ten kg net bags made of plastic and kept in cool storage at 1°C and 98 % relative humidity (RH) until analysis and processing. Samples for analysis included raw materials that was frozen and stored at -25 °C.
Four kg cylindrical beetroots from each experimental treatment were heat treated in water baths or cooked in a steam jacketed kettle (Oluf Brønnum, Metos Viking 12 CS, and Herlev, Denmark) with 40 L tap water for the stipulated time and temperature. Thereafter they were transferred into 40 L cold tap water and cooled to centre temperature below 18 °C. Samples for determination of losses of sucrose, potassium and nitrate were taken each ten minutes during cooking of ´Forono` beetroots for 30 to 90 min. The amount of each compound (C t ), cooking time (t) and surface area (g) was used for determination of the leaching rate K = (C t -C t-10 )/gt mg min -1 cm -2 for each compound using that the weight of raw material g = 1 cm 2 g -1 . Another series including successively cooking of 25 batches of 25 beetroot cylinders (325 g) at 100 °C in 1200 mL tap water using a 2 L bottle with electrical heating and equipped with a water cooler that eliminated water losses and kept the temperature constant. One mL processing liquid was exchanged with one mL tap water after each cooking of 25 beetroot cylinders.
Beetroot length was defined as the length from the cut surface to the beginning of the tap root. The average beetroot diameter was determined as the average diameter at ¼, ½ and ¾ length from the cut surface obtained by removal of the leaves during harvesting. The root radius and length were applied for determination of the surface areas of raw F raw = 2πr r l r and cooked beetroots F cooked = 2 πr c l c cm 2 . Each replicate was carried out using 10 beetroots from the cultivar ´Forono`.
Removal of the peel that has been loosened during cooking was easy done using a peeling machine with a cylindrical drum, diameter 48 cm and length 110 cm. The outside of the drum was 12 rotating rods 3 cm in diameter covered by hard drilled rubber using water beams (10 kg cm -2 ) from ten nozzles and a drum velocity 17 rpm. Average weight of the processed beets was 338 g. Peeling losses was calculated on the basis of beetroot surface area (F), volume (V) and weight (W), which make it possible to determine consider peeling losses S by the surface area, S F = 100(g-g')F -1 g 100 cm -2 ; root volume S V =100(g-g')V -1 g 100 cm-3 and weight S W = 100(g-g')g -1 g 100 g -1 , peel volume S = πl(r 1 2 -r 2 2 ) cm 3 and the peeling depth D =( r 1 -r 2 ) cm. Beetroot slices 6.8 mm in height or cubes with 6.8 mm edge were processed immediately after cooling using a kitchen cutter (Robot Coupe S.A., CL50, Mountceau Bourgogne, France).The cut materials were packed in 580 cm 3 glass jars with 350 g cooled beetroot pieces and 250 g brine composed of 2 w/w % acetic acid (Merck, Darmstadt, Germany), 36.6 w/w % sucrose (Danisco A/S, Copenhagen, Denmark), 2 g L -1 Na-benzoate (Merck, Darmstadt, Germany), 2 g L -1 potassium sorbate (Applichem GmbH, Darmstadt, Germany) and kept at 80 °C. Immediately afterwards were the jars pasteurized and then cooled using tap water (12 °C) and the products were kept on cool storage at 3 °C until analysis. Firmness of raw, cooked and preserved samples without brine were carried out using an Instron apparatus (Instron Ltd, Food Tester model 5565, High Wycombe, U K) equipped with a Kramer-shear cell and registering the maximum force (kg) to break 100 g red beet slices or cubes in the sample cell at piston velocity 20 cm min -1 .
Drained weight of preserved beetroot slices or cubes was determined after draining of the beet materials for 3 min on a sieve (ASTA II, mesh 7, aperture 2.8 mm) and samples of raw, cooked and drained red beet materials for chemical or physical analyses were obtained by maceration in a minimum of double distilled water or other liquids using a Waring blender (Waring Products B012-34-BL 99, New Hartford, USA). The colorants including betacyanins and betaxanthins were extracted from the macerated materials, diluted with 0.05 M phosphate buffer pH 6.5 (Merck, Darmstadt, Germany) and measurement absorbance at 476 and 538 and 600 nm in filtrated samples using a spectrophotometer (Shimadzu, MPS 2000, Kyoto, Japan) and the extinction coefficient 60.700 for betanin and 25.373 for vulgaxanthin by calculation according to the formulas presented by [12] . Surface color including lightness (L), greenness-redness (a) and blueness-yellowness (b) were measured using a Minolta Chroma Meter (CR 300, Osaka, Japan). Dry matter was determined by vacuum drying at 20 mm Hg for 20 hours at room temperature (20 °C) if the dry material was used for further analytical measurements of organic compounds or in a heating cabinet at 80 °C for 20 hours by determination of minerals and dry matter only.
Water insoluble dry matter (Widm) was determined from 50 g macerated material weighed onto dried filters (S&S 520S, 185 mm), washing with boiling distilled water (Elgastat SB, BioSurplus, San Diego, USA) until complete removal of betanin and drying of the filters at 80 °C for 20 hours. Soluble solids (g 100 g -1 ) were determined in filtrates from macerated samples of Red beet material using a refractometer (Bellingham + Stanley, RF M 800, Turnbridge Wells, Kent, UK). Determination of sucrose and glucose using gas liquid chromatography was initiated by treatment of 100 g Red beet cubes with 300 g double distilled water and transfer of 5 g macerate to dilution ten times with double distilled water. Then 1000 µL extract were mixed with 100 µL solution of trehalose in water (2.50 g in 100 mL) and diluted to 5 mL extracts with internal standard that was frozen to -25 °C and dried in vacuum (25 mm Hg) before addition of 500 µL pyridine and 500 µL Trisil to silylate the sugars. Separation and quantification of sugars were obtained using a Hewlett Packard 5840 A gas chromatograph equipped with a 2.5 m column (i.d. 1/8 inch) packed with 80/100 mesh OV-1, an HP7651 automatic sampler, FID detector at 300 °C, air flow 300 mL min -1 , hydrogen flow 30 mL min -1 , oven temperature 200-295°C increasing 4 °C min -1 , attenuation 2 8 , slope 2, area rejection 10 4 , and 10 ml min -1 nitrogen as carrier gas. Six panel members age 20-40 evaluated texture properties of cooked beet slices five times during five successive days using a scale from 1 to 10, where 1 is very soft and 10 is very hard. The taste panel also ranked 26 samples of cooked beetroot slices according to redness. The gas chromatographic measurement of oxalic acid was carried out using Pye Unicam 64 gas chromatograph combined with an integrator (Hewlett Packard 3370, Hillerød, Denmark) equipped with a stainless steel column (five m, 1/8 inch i.d.) packed with 80/100 mesh diatomite CT, 10 p.c. CW 20M. Injection temperature 250 °C, column temperature 50-150 °C, 6 °C min -1 , carrier gas flow 40 mL min -1 , FID detector at 350 °C, air flow 300 mL -1 , hydrogen flow 30 mL -1 , slope 0.1mV min-1 and injection of 10 µL ester preparation. The concentration of oxalic acid was quantified using a standard curve produced daily.
The first cool storage experiment with processed beetroot slices processed from ´Formanova` included adjustment of brine pH to 4.1, 3.0, 3.6 and 3.4 using acetic acid and storage of the samples in cooling cabinets at 5, 10, 15 and 20°C for 1, 75, 167, 437, 445 and 635 days in the dark with two replicates. The effects of the treatments were measured by determination of the contents of betacyanin in the beetroot slices because they normally are served as slices only. The second experiment using ´Formanova` slices included studies of the effect of light air on lightness (L) and redness (a) of bee-troot slices packed in 540 cm 3 glass jars packed with 10, 20, 30 and 40 beetroot slices combined with 50, 100, 150, 200 and 300 mL brine in two replicates. The jars were stored in a north facing window for two months (January and December) and included opening of the jars twice in a week in order to simulate praxis in a household where air are supplied by each opening of a jar exposed to scattered daylight from the window.
The statistical methods included linear and logarithmic regression, ranking, one-way and multiple ANOVA using a Statgraphic Statistical Package (Statistical Graphics, Version 4, Rockville, USA). Averages were separated using letters P < 0.05. Factor analysis included varimax rotation of normalized data and a Scree test were carried out according to [13, 14] .
RESULTS AND DISCUSSION
The content of betacyanin and vulgaxanthine in raw beets from the cultivar ´Forono` that was harvested at five dates from 5 th September to 31 st October and kept on cool storage at 3 °C for 82 days shows that the content of betacyanine was non-significantly different in samples from the five harvest times ( Table 1) , while the content of betaxanthin increased significantly from 76.9 mg 100 g -1 after first harvest to maximum 95.2 mg 100 g -1 after storage for 45 days and then decreased the content of this violet colorant to 88.5 mg 100 g -1 at the last day of storage. Soluble solids and water insoluble dry matter increased significantly throughout the whole harvest period. The concentration of betacyanine was not significantly different throughout the storage period for the raw beets, while the content of vulgaxanthine increased significantly to a maximum after storage for 32 days and then decreased significantly until the last day of cool storage. The concentration of soluble solids had maximum after 45 days of storage, whereas water insoluble dry matter had a small maximum at 19 to 32 days of storage. During cooking decreased betacyanin, betaxanthin, texture and water insoluble dry matter (Widm) decreased significantly during cooking. In peeling experiment 1 using beetroots from the cultivar ´Forono` increased peeling losses significantly from 9.7a, to 11.3b, 14.8c and 15.2d w/w% with harvest time from 2 st August to 7 th September without significant effect of cooking time from 30 to 90 min. The peeling depths were 1.3 mm by cooking for 30 min and 2.0 mm for the remaining treatments and highest after preheating. Peeling losses (P) for ´Forono´, ´Rød Valse`, ´Unik` and `Halanga` in peeling experiment 2 were on average 12.6a, 12.1ab, 12.1ab and 11.5b g 100 g -1 , respectively, and increased on average for these cultivars linearly with cooking time: P = 9.3 + 0.0459*min; R = 0.78 by cooking for 30, 40, 60, 75 min, respectively. The peeling experiment 3 with the cultivar ´Formanova` showed that peeling losses was 11.4, 17.1, 19.8, and 21.6 g 100 g -1 by cooking for 30, 45, 60 and 75 min. On the basis of this research it may be concluded that peeling losses varies considerable between cultivars, increases by increasing cooking time and the peeling depth was 1-2 mm. Harvest  Cooking time, min  Storage, days   15  30  45  60  75  90  2  19  32  45  56  71  82  90   5 th Sep  312c  167c  89d  67c  54d  50c  326  b  348a  358a  343a  b  252a  339a  b   349  a  51e   19 th  Sep  327c  183b  c  104c  77b  58b  58b  169  b  201a  192a  200a  200a  204a  205  a   54d  e   3 rd Oct  351b  195b  110b  c  79b  60b  c   60b  c  95b  108a  b  110a  108a  110a  117a  117  a  60b 17 -101fp  64as  97aq  82ar  30  160ap  148ar  144ar  164aq  119a  56cr  87cp  80bq  40  132bp  91bq  83br  97bq  106bp  60bs  90bq  77cr  50  91cp  71cq  65cr  71cq  115bp  62bs  72gq  67cr  60  68dp  59dq  51dr  59dq  104ep  51es  86cq  76cr  70  66dp  7eq  51dr  51er  108dp  53dr  79fq  75dq  80  56ep  49fq  45er  53ep  111cp  47fs  84dq  90  54ep  49fq  45er  44fr  102fp  46fs  81eq  Drained weight, g Water insoluble dry matter, g 100 g -1 0
Table2. Changes in firmness during cooking of whole beet roots and effects of cooking time and storage time on the texture
3 The firmness of beetroot decreased significantly with increasing cooking time after 2 days of storage ( Table 2 ). During the next two storage periods increased the firmness at all cooking times until a maximum after 32 days of storage that was followed by significantly decreases to almost equal firmness at most of the storage days. It is remarkable that the firmness after occurrence of the maximums is significantly higher than the values after the first two storage times. It is obvious that the decrease in firmness with increasing cooking time occurred according to two first order reactions with the highest decrease immediately after start of cooking and with the lowest rate at the latest cooking times. Firmness, betacyanine and betaxanthin decreased significantly by cooking of beetroots from the four red beet cultivars ´Forono`, ´Rød Valse`, ´Unik`, and ´Halanga` decreased significantly with cooking time. It is remarkable that the changes in texture in principle are almost similar, while the cultivar ´Forono` have a significantly higher content than the three cultivars ´Rød Valse`, ´Unik` and ´Halanga`. The content of betaxanthin was also significantly higher in slices from ´Forono` in comparison to the other three cultivars, which may result in a less violet color by long cooking times. Data from sensory evaluation of beetroot softness showed that the point for softness was 9.8, 8.5, 7.1, 5.2 and 2.4 point after cooking of raw beetroots for 10, 20, 40, 60 and 90 min at 95 °C. These data shows that firmness measured using a Cramer-shear cells are significantly correlated with sensory evaluation by trained panel members. Drained weight increased significantly with cooking time, while water insoluble dry matter (Widm) decreased significantly with cooking time ( Table 3 ). The changes the physical and chemical structures in the cell walls, starches, proteins, hydrolysis of polymers, oxidation of colorants and losses of water soluble substances such as sugars, minerals, and amino acids that depends on structures in the beetroot slices including beetroot size. These processes leaves room for absorption of brine and exchange of compounds between beetroot and the cooking water that depends of time and temperature both by cooking, pasteurization and storage. The content of betacyanin, betaxanthin and drained weight was not affected by increasing pasteurization temperature and time, while firmness decreased significantly by increasing temperature and time at 70 to 95 °C for 10 to 60 min.
Firmness decreased significantly from 148 kg to 117 kg by increasing pasteurization temperature and from 135 to 131 and 128 kg by pasteurization for more than ten minutes. An experiment with increased holding time resulted in significantly increasing in the content of betanin from 111mg 100 g betacyanin 100 g -1 without holding time to 113 mg 100 g -1 by cooking for 60 min using holding time ( Table 6 ). Cooking using holding time resulted in significantly higher content of beta xanthine for up to 240 min. Purging of open jars with sliced beetroots using oxygen resulted in significantly decreases of both betacyanines and betaxanthin, whereas purging with nitrogen reduced the degradation rates of betaxanthin significantly.
If oxygen were purged through the samples of sliced beetroots disappeared more than fifty per cent of betanin within half an hour, whereas vulgaxanthin increased to a significantly higher level during the first 30 min using holding time for 30 min. Data from measurement of the surface colour of red beet slices showed that vulgaxanthin concentration decreased significant during cooking causing increasing redness and decreasing the yellowness. According to previous research decreased betacyanine 5, 10, 20 and 24 mg 100 g -1 by pasteurization of the glass jars for 35, 75, 135 and 180 min at 80 °C [3] .
Cooking of raw cubes with 1 cm edge resulted in significantly increasing contents of betacyanin, betaxanthin and drained weight, whereas soluble solids was constant and firmness decreased significantly (Table 8 ). Significantly increasing "pasteurization" temperature for raw cubes resulted also in a higher contents of betacyanin, betaxanthin and drained weight while soluble solids was almost constant and firmness decreased significantly. The taste panel ranked 26 samples of cooked beetroot slices according to redness that resulted in a significantly positive and linear relation between rank number and concentration of betanin ranked by spectroscopy: rank = 0.31 + 0.272betacyanin (R 2 = 94.1%) for samples with betacyanine varying from a few mg 100 g -1 of betanin to 104 mg 100 g -1 .
An experiment with combined cooking time and holding times for detached beetroot slices after cooking resulted in significant decreases of betacyanin and betaxanthin, whereas the content of betaxanthin increased by leaving the slices detached in up to 240 min which may be due to chemical changes in the cooked beetroots (Table 5 ). 379a  382a  383a  384a  384a  40  347b  371b  378a  383a  381a  384a  50  340d  366c  373b  381a  381a  384a  Firmness, kg  35-40  294a  117b  75c  61d  54e  53a  40-50  336a  165b  78c  66d  56e  53f  50-60  377a  219b  76c  76c 59d 63e g  70  103a  25a  148a  375a  10  111a  24a  135a  577a  75  102a  24a  148a  375a  20  113a  25a  131b  376a  80  107a  25a  131b  374a  40  110a  24a  131b  375a  85  109a  24a  122c  373a  60  112a  25a  132b  373a  90  106a  24a  123c  374a  90  106b  26b  128b  369a  95  107a  26a  117d  373a The contents of sucrose, potassium and nitrate in seven samples of the cooking water taken during cooking of ´Forono` beetroots for 30 to 90 min increased exponentially with cooking time. The amount of each compound (C t ), cooking time (t) and surface area (g) was used for determination of the leaching rate K = (C t -C t-10 )/gt mg min -1 cm -2 for each compound using that the weight of raw material g = 1 cm 2 g -1 . It was found that K sucrose = 0.247, K potassium = 0.007872, and K nitrate = 0.0011774 mg min -1 cm 2 with standard deviations 0,000458, 0,000458 and 0,000105 mg min -1 cm 2 and the amounts of leached compounds was 16, 17and 6 % of the contents in the raw beetroots.
Leaching of sucrose from ´Formanova` beetroot cylinders with diameter 2.5 cm and length 7.0 cm resulted in accumulation of sucrose in the boiling liquid according to fig 4. The cylinders were produced one by one single beetroots using a cork drill and the cooking time was 30 min. Figure sucrose shows that the concentration of sucrose in the boiling water increased stepwise with the number of samples of beetroot cylinders and after 25 samples was the concentration equal to the sucrose concentration in the beetroots (Fig Sucrose) . The content of eluted betanine in cooking water was significantly correlated to the content of eluted sugar: mg betanine/g sugar = -0.92 + 0.633 g sugar (R = 0.938).
The average content of water insoluble dry matter increased significantly with increasing harvest time from 2.7 to 3.2 g 100 g -1 and a maximum occurred after cool storage for 32 days (Table ) . During cooking decreased water insoluble dry matter from 2.7 to 1.8 g 100 g -1 in beets from the first harvest time and from 3.2 to 2.0 g 100 g -1 in beets from the last harvest time.
The content of water insoluble dry matter in the four cultivars ´Forono`, ´Rød Valse`, ´Unik` and ´Halanga` were significantly different 3.08b, 2.84c, 3.23a and 3.08b g 100g -1 and for the cultivar ´Forono` decreased water insoluble dry matter significantly with cooking time from 0 to 90 min (log 10 VUT = 0.509 -0,002432min (R = 0.949). Beet root slices were packed in brine with pH at four levels and kept on storage temperature at four temperatures for up to 635 days in the dark in order to study the effects on the content of betacyanin using beetroot slices processed using the cultivar ´Formanova´ as raw material in two replicates. An experiment with studies of the effects of light and oxygen on lightness (L) and Redness (a) defined using the CIE color system included beetroot slices packed in glass jars with varying number of beetroot slices combined with varying amounts of brine in two replicates. The jars were stored in a north facing window for two months (January and December) and included opening of the jars in order to simulate praxis in a household where oxygen from the air are supplied by each opening of a jar and scattered light from the window reached all glasses equally.
These data shows the large difference in concentrations between cultivars [20, 22] and the considerable proportion between betacyanines and betaxanthines in red beets [20, 21, 22] . The yellow color compounds in red beetroots are betaxanthins including betaxanthin I and II encompassing from 36 to 42 mg 100 g -1 and from 0.03 to 0.04 mg 100 g -1 , respectively [22, 23, 26] . These data shows the large difference in concentrations of betacyanines and betaxanthines between cultivars [20, 22] . Previous research has shown that betacyanin content in raw beetroots varied from 27 to135 mg betanin 100 g -1 [20, 21, 22] . On the basis of these data it was concluded that the contents of colorants in beetroots harvested and stored was satisfactory because the obtained surface color was very attractive. Soluble solids increased 1.9 g 100 g -1 during the harvest period, whereas soluble contents during storage had a maximum after 3 months of storage.
DISCUSSION
Changes in degradation of betacyanine, vulgaxanthin, sugars and water insoluble dry matter during the harvest and storage period may be due to changes in biochemical and physiological processes [17] .
Increasing harvest and cooking time increased peeling losses, while cooking temperature not affected losses of peel while stepwise cooling reduced peeling losses.
The peeling losses varied significantly between red beet cultivars and increasing peeling losses may decrease the contents of colorants that are highest in the outmost layer of the beetroots and highest in the beetroot tip [1] .
Modification of beetroot texture determined as firmness depends significantly on gelatinization of the number and size of the starch granules partially hydrolyses of hemicelluloses and protopectins after depolymerization and is determined of the effects of temperature and cooking time duration that varies with food components, vegetable, cultivar and season [18] .
Firmness of beetroots slices decreased significantly by each step from cooking for 15 to 90 min from about 370 to 50 kg and the firmness increased significantly with later harvest time and longer storage time (Table firmness) . The rate of softening beetroot tissue during cooking is consistent with two first order kinetic mechanisms causing changes in the structure and chemical composition of the interlamellar layer between plant cells walls [10, 11, 14, 15, 18] . The decreases in firmness measured using the Instron apparatus were parallel to the decrease in firmness measured using the trained sensory panel and these changes are in accordance with previous research with cooking of red beetroots [3, 30] .
The changes in texture during cooking are related to changes in microscopic structures and molecular architecture of the cell wall made up of cellulose fibrils imbedded in a matrix consisting of pectins, hemicelluloses, proteins, lignins, lower molecular weight solutes and water that increase during degradation of the red beet tissue by cooking [9, 31] . By ordinary heating of beetroots is water used for hydrolysis of fiber components including cellulose, hemicellulose, lignin, non-cellulosic carbohydrates that also is included in alcoholic non-soluble residues from red beet [32] . Research in the effects of gamma irradiation on red beet tissue showed increased cell wall stiffness and caused chemical changes in the composition of alcohol insoluble material including lignin, cellulose, non-cellulosic carbohydrates, degree of methylation and acetylation, protein, hydroxyprolin, tyrosine, carbohydrates, uronic acid and pectin [9, 33] . Such changes could explain the increases in drained weight because the rapid changes in cell wall composition could result in more space for the brine containing 24.2 w/w% soluble solids that even may result in decreases in cell volume because of shrinking of vacuoles and cell membranes. During the growth and storage periods occurs incorporation of lower molecular weight solutes and water, pectins, hemicelluloses, proteins and lignins into the cell walls that increases in size [9] and therefore increased the average firmness of cooked beetroot slices significantly with harvest and storage time.
The content of betacyanins in cooked beetroots increased during the first part of the cooking time and decreased thereafter in the remaining cooking time according to first order kinetics [22, 35, 37] . This increase may be due to generation of betanin from already present compounds such as cyclo-dopa and betalamic acid that is promoted by organic and inorganic acids [21, 26] . As found previously have betacyanins been reported to be [10, 37, 41] betaxanthins both at room temperature [20, 24, 26] . The thermos stability of betacyanin in beet juice and in beet puree was greater than observed with model systems, which means that presence of red beetroot tissue may improve colorant stability [35] . Betacyanines were less stable at pH 3 than 5 and most stable between pH 4 and 5, whereas betaxanthines was much less stable than betacyanines as found in this research [20] . The decreases in content of colorants during heating as found in this research may be of serious concern within the canning industry because the reduction in colorants are known to be significantly higher by canning that are carried out at about 120 °C in comparison to that blanching and cooking normally are carried out at 85-90 °C and at 100 °C, respectively [18, 19] . Small increases in coloration from betacyanin during the first steps in blanching and canning of beetroots has been found previously [21, 41] and may be related to release of colorants by separation of the betacyanin molecule. Another possibility may be production of mono-, di-and trimethylacetate ester of betanin with acetic acid as found previously [26] . During pasteurization using temperatures from 70 to 95°C for 10 to 90 minutes resulted in decreasing firmness whereas this part of the processing not affected the contents of colorants very much while firmness decreased significantly with increasing temperature.
Another important result is that drained weight increases by this kind of processing as found previously [8] . During pasteurization at 80 °C for 75 min decreased betanin from 48.7 to 39.1 mg 100 g -1 and in samples from the tree factories decreased betanin on average from 106.2 to 56.9 mg 100 g -1 , whereas the degradation of betanin during pasteurization was a few mg 100 g -1 [29] . An alcohol insoluble residue from beetroots may include cellulose (26 w/w%), non-cellulosic carbohydrates (52 w/w%), uronic acids (14 w/w%) and 5.9 w/w% lignin [30] . The first storage experiment with cool storage of processed beetroot slices with pH adjusted brine to 4.1, 3.9, 3.6 and 3.3, at 5, 10, 15 and 20°C for 1, 75, 167, 437, 446 and 635 days in the dark showed that the content of betacyanin in preserved red beet slices processed using the cultivar ´Formanova´ as raw materials decreased with decreasing pH and increasing time in accordance to first order kinetic degradation. The content of in betacyanin due to pH at the beginning of the experiment was 61, 64, 67 and 69 mg 100 g -1 that decreased to 50, 47, 44, 40 mg betacyanin 100 g -1 beet root slice, which may be considered as satisfactory after two years of cool storage.
The experiment with studies of the effects of light and oxygen on lightness (L) and Redness (a) defined using the CIE color system included beetroot slices packed in 100 cm 3 glasses with 10, 20, 30 and 40 beetroot slices combined with 50, 100, 150, 200 and 300 mL brine in glass jars with two replicates. The jars were stored in a north facing window for two months (January and December) and included opening of the jars twice a week in order to simulate praxis in a household where oxygen from the air are supplied by each opening of a jar and scattered light from the window reached all glasses equally. Supply of light resulted in significantly decreased beetroot lightness from 16.4a to 14.6b in comparison to redness that increased from 16.1b to 19.2a. A higher number of beetroot slices from 10 to 40 and a higher supply of brine from 50 to 300 reduced beetroot lightness significantly 16.9a to 13.6d and increased redness from 13.7b to 43.8a. Increases in the amount of brine from 50 to 300 ml resulted in a decreasing lightness from 16.1a to 15.2b and increased redness from 17.0c to 32.0a. Leaching of sucrose from ´Formanova` beetroot cylinders 2.5 cm in diameter and 7.0 cm long were produced one by one from single beetroots using a cork drill and the cooking time was 30 min. The experiment included successively cooking of 25 batches of 25 beetroot cylinders (325 g) at 100 °C in 1200 mL tap water using a 2 L bottle with electrical heating equipped with a water cooler that eliminated water losses and kept the temperature constant.
One mL processing liquid was exchanged with one mL tap water after each cooking of 25 beetroot cylinders. The average weight of raw beets was 300.1b, cooked (262.9c) and preserved (308.9a) cylinders were significant different because the average loss by cooking was 32.2 g and the increase was 40.0 g after packing and storage. The losses may be beetroot liquid with extractable solutes such as sucrose, minerals, colorants and water that increase may by brine. Acetic acid decreased the half life time of betacyanin [31] , whereas citric acid and EDTA increased half life time of betacyanin, which may be due to sequestering of betacyanine [19, 26, 32, 35, 37, 41] . The first cooking of five samples of each 25 cylinders resulted in 267.2 g cooked beetroot cylinders and 304.8 g preserved beetroot cylinders and the concentration of the sugar and betacyanin in the cooking bottle were 2.4 w/w% and 0.54 mg 100g -1 and the preserved beets contained 45.6 mg 100 g -1 ( Table 9 ). The weight of raw beetroot cylinders was not significant different after cooking of 25 samples, while small significant differences occurred for cooked and preserved beetroots. The level of sucrose and betanin in boiling water increased the sugars to 10.2 w/w% and to 6.1 mg betanin 100 g -1 and the content of betanin in the preserved cylinders increased from 45.6 to 63.0 mg betanin 100 g -1 after processing of 25 batches in one lot of cooking water. The amount of sugar in the boiling liquid may be written: g sucrose 100 g -1 = 0.0635 + 0.8331batch -0.01673batch 2 = 10.4 g 100 g -1 . The concentration of sugar in the raw beetroots was 10.6 g 100 g -1 that was reached in the boiling water after cooking of 25 lots of beetroot, whereas the concentration of betanin only was 6.1 mg 100 g -1 in the last lot because both colorants were degraded by cooking of beetroots at 100 °C ( Table 9 ). The results from measurement of sucrose in the cooking water by cooking of whole beetroots at 100 °C and cooling in tap water and determination of sugar concentrations showed a decrease from 13.0 to 12.0 g 100 g -1 during cooking for 5 min and from 13.0 to 12.9 g 100 g -1 . After cooking for 100 min was sucrose in the cooked beetroots decreased to 6.5 g 100 g -1 and to 10.7 g 100 g -1 after cooling. After 180 min decreased sucrose during cooking from 5.7 g 100 g -1 and to 9.0 g 100 g -1 during cooling. The losses of sucrose would be 17.2 kg t -1 by cooking for 75 min, 12 kg t -1 after 45 min and 8.8 kg t -1 after 30 min (Table 1) . After cooking of 10 batches in the same water would the losses be 2.3, 3.0 and 3.4 kg t -1 only. On the basis of this may be concluded that cooking of an increasing number of beetroots in the same water will decrease losses of sucrose and betanin significant and reduced leaching into the rivers.
Heating in aqueous medium gelatinizes starch granules, partially hydrolyses hemicelluloses and solubilizes protopectins after depolymerization, modifying texture of these products and otherwise depend the effect of heat treatment the specific conditions of temperatures and duration on vegetable food components, depends on crop, cultivar and season [33] . Regeneration of the colorants may be obtained using antioxidants [41, 57, 76] or by establishment of a nitrogen atmosphere as shown in (Table Purg 9. The percentage betacyanin regenerated decreased with increasing degradation before treatment with regenerating compounds [41] and regeneration may depend on temperature, pH, type of buffer solution, and presence of oxygen [44, 50] . Regeneration was improved under anaerobe conditions [35] and isobetanin produced during blanching and canning were regenerated within 10 hour from processing [21] . Using ascorbic acid, isoascorbic acid, metaphosphoric acid and gluconic acid caused reduction in the losses of betanin or increase regeneration of betanin [21, 41, 42] . Yellow pigments are regenerated by addition of glutamine [35] . Betacyanines may also be regenerated using betalamic acid, cyclodopa-5-O-glycosied and both degradation and regeneration increased with rising temperature [10] .
Red beets contain peroxidases and polyphenol oxidases [2, 36, 52, 53] and other enzymes that degrade betacyanin during cooking. Unfortunately may it take up to 30-40 min before they are inactivated by cooking [52, 53] . In this research was the temperature at 4, 5, 6 and 7 cm depth 90, 82, 76, 70 °C after cooking for 20 min at 95 °C. Results from cooking and pasteurization of raw peeled beetroot cubes (1x1x1 cm 3 ) in brine with sugar and acetic acid ( Table 6) shows that betacyanin and betaxanthin increases significant both during cooking and pasteurization and firmness decreases as expected according to the results above in table 1 and 2. The increases in betacyanin and betaxanthin with cooking up to 90 min may be due to synthesis of the two colorants whereas the firmness decreases as fond previously). Synthesis of betacyanin and betaxanthin seem also to occur during the first 30 min, while the contents of both colorants decreases significantly during the remaining part of cooking and pasteurization. Firmness decreased significant with processing time and temperature as expected on the background of the previous experiments with cooking and pasteurization. Soluble solids were not affected, whereas drained weight increased significant from 358.2 to 382.6 g corresponding to 9.1 w/w% increase using brine with 24.2 w/w% soluble solids that may contribute to the increased drained weight.
Processing of beet root materials in small cubes may reduce the time to obtain maximum temperature and inactivation of enzymes in very short time in comparison to cooking beetroots with diameter 40-60 mm and this reduction in time may result in earlier inactivation of the enzyme that catalyze oxidation of betacyanin and the final result may be increased content of betacyanin. Based on these results it was concluded that cooking of red beet cubes (1x1x1 cm 3 ) may result in inactivation of polyphenol oxidases and peroxidases that reduced the concentration of betacyanin by oxidation and cause physical and chemical changes in the beetroot tissue that may increase the uptake brine with a high sucrose concentration and result in a significant increase in drained weight of beet root tissue. Increases in water insoluble dry matter (Widm) with harvest and storage may promote water binding and increase drained weight. The concentration of soluble solids, vulgaxanthin and water insoluble dry matter was similar in beetroot slices processed using beets with diameter 30-40, 40-50 and 50-60 mm, while betanin decreased significant by increasing diameter, which may be due to a general higher concentration in smaller beetroots compared to larger beetroots (Table 6 ). Drained weight of beetroot size 30-39 mm was significant highest in comparison to drained weight of beetroot slices with diameter 50-59 mm. Changes in firmness during processing decreased significant with time up to 60 min and firmness increased significant with increasing slice diameter. Data from cooking of red beets from four cultivars showed that firmness was significantly highest for ´Forono` and significantly lowest for roots from ´Halanga` ( Table 7) . Therefore would the use of energy during cooking to equal firmness be the lowest for ´Unik` followed by ´Rød Valse`, ´Halanga` and ´Forono`. The concentration of betanin decreased during cooking with the highest concentration in ´Forono`, followed by ´Unik`, ´Halanga` and lowest in ´Rød Valse`. Which make it clear that the most intense colors may be obtained using ´Forono`. The concentration of vulgaxanthin followed the same pattern as betanin. However, vulgaxanthin disappeared almost by cooking for more than 50-60 min ( Table 7) .
Drained weight increased significant with cooking time during cooking with minimum for ´Halanga` during the first hour of cooking. The largest increase in drained weight was obtained by cooking of ´Red Valse` that increased 18 g in drained weight followed by ´Forono` with 12 g, ´Halanga` with 10 g and ´Unik` with 7 g ( Table 7 ).
Insoluble dry matter decreased significant with increasing cooking time and the losses of insoluble dry matter was 1. The average concentration of soluble solids or sugars in four red beet cultivars ´Forono`, ´Halanga`, ´Rød Valse` and ´Unik` measured in three replicates of the samples from five harvest days and seven storage days. The average concentration of soluble solids and sugars measured using refractometry; the picrate method, gas liquid chromatography (GLC) and the enzyme electrode system were 12.5, 11.6, 9.7 and 9.8 g 100 g -1 , respectively. Sucrose made 78% of soluble solids and the picrate method resulted in average in 1.85 w/w% higher sucrose in comparison to the results obtained using the GLC method that resulted in the same level of sucrose as the enzyme electrode system. It was expected that the enzyme method would result in higher values than the GLC method because free glucose would be included using the enzyme electrode system. The explanation is that two peaks for glucose and fructose were missing for these compounds on the GLC chromatogram, which means that these sugars may occur in a very low concentration or be almost absent in beetroots. The higher values using the picrate method and refractometer may therefore be due to other compounds than sucrose, glucose and fructose.
Average soluble solids in the samples from the harvest and storage experiment were significant related to harvest time (soluble solids = 12.3 + 0.03437days; r= 0.99), while sucrose not was as strongly related to harvest time as soluble solids (sucrose = 9.0 + 0.01215days; R = 0.60). Soluble solids was not significant related to storage time (soluble solids = 13.2 + 0.001953days; R= 0.28), while sucrose was significant negatively related to storage time (sucrose = 9.8 + 0.009783; R = -0.93). The explanation may be that the respiration processes are much needed during storage were starches are hydrolyzed to sugars and are the only source of energy during storage in comparison to the harvest period where energy are supplied by photosynthesis. The data presented regarding leaching rate of soluble compounds during cooking was highest for sucrose in comparison to the rates for potassium and nitrate and the very positive data obtained by recycling of the cooking liquid 25 times shows that a significantly amount of the sugar and other soluble compounds may be returned to be used recycled to the following cooking series. This may also reduce the amount of organic compounds and plant nutrients that are eluted to waste water treatment.
About 50 % of the soluble sugars in red beetroot, carrot and turnip may be eluted during processing [78] that constitute the main energy source in vegetable diets [44] and red beetroot are rich in fibers, sugars, B-vitamins and has a high content of betalains that due to their high content of antioxidant is beneficial for human health [ 46, 47, 79] . Extraction of betalaines may be carried out using a countercurrent diffusion apparatus with 0.50 % citric acid solution as extraction liquid resulting in recovery of 75-90 % of the betanin from beetroots into beetroot juice [47, 48] and application of electric pulses extraction technology may increase the recovery to about 98 % recovery of betalaines [49] . Red bee-troot pigment may be extracted using water at pH 3-5, solvent to beetroot ratio (S/B) 1:1-5:1, solvent initial temperature (ST) 30-70 °C, and grinding time (GT, 2-10 min) where the beetroot were grinded in the extraction liquid [50] .
About 50 % of the soluble sugars in red beetroot may be eluted during processing [78] that constitute the main energy source in vegetable diets [44] and red beetroot are rich in fibers, sugars, B-vitamins and has a high content of betalains that due to their high content of antioxidant that is beneficial for human health [47, 79, 80 Extraction of betalaines may be carried out using a counter-current diffusion apparatus with 0.50 % citric acid solution as extraction liquid resulting in recovery of 75-90 % of the betanin from beetroots into beetroot juice [47, 48] and application of electric pulses extraction technology may increase the recovery to about 98 % recovery of betalaines [49] . Red beetroot pigment may be extracted using water at pH 3-5, solvent to beetroot ratio (S/B) 1:1-5:1, solvent initial temperature (ST) 30-70 °C, and grinding time (GT, 2-10 min) where the beetroot were grinded in the extraction liquid [5] . Light promote degradation of betacyanines and betaxanthines [21, 35, 38] in the range 2200-4400 lux [38] and UV light are lowering the activation energy and the effects of UV light and air may even be cumulative [37] . In spite of these conclusions shows the data in table shows the data obtained in this research that the storage time for red beetroot slices are rather long if the glass jars are kept on cool storage where the temperature may be regulated in accordance with the optimum temperature for these product. A high amount of the violet betacyanine and the yellow betaxanthin showed that a satisfactory quality was obtained after a storage time up to 635 days if the storage temperature is kept at temperatures from 5 to 20°C. The effects of light are negligible under anaerobic conditions [56, 66] . Presence of light in the head space increased darkening of beet puree [5] and betacyanine was completely destroyed by 100 h UV irradiation or using 100 krad gamma irradiation [6] . The changes of the surface color on slices stored for two months at room temperature with light and exchange of head space air by opening and turning of the slices. The changes of color increased against higher lightness and increased redness with the amount of slices and brine that may be due to liquid in the jars and especially by increases in the content of betacyanine.
